There is an increased demand for gender affirmation surgery. Chest contouring, or "top" surgery, is especially important in the female-to-male (FtM) transgender population. This Continuing Medical Education (CME) article critically appraises the available literature on top surgery to allow plastic surgeons to understand current practices and determine the best surgical technique using a decision algorithm and the patient's preoperative anatomy and characteristics. Because a single best surgical approach does not exist due to significant variance in preoperative patient anatomy, and in order to provide a useful framework for decision making, surgical approaches described are categorized as: approach 1-remote incision procedures without skin excision; approach 2-procedures with periareolar skin excision; and approach 3-mastectomy procedures with skin excision other than periareolar skin excision. Decision algorithms that help determine the most suitable surgical technique for individual patients are reviewed. Data on complication rates and patient satisfaction will improve informed consent discussions and create realistic patient expectations.
or 1.4 million adults in the United States. [1] [2] [3] The global prevalence of gender dysphoria is estimated at 0.5% of the total population, or 25 million transgender people worldwide. 4 Treatment of gender dysphoria is multidisciplinary, and may include psychotherapy and counseling, hormone therapy, and/or surgical intervention. The SOC published by the WPATH are internationally accepted guidelines that act as a guide for the multidisciplinary care of transgender patients. 5 The SOC rely mainly on mental health professionals in preventing patient harm with rigorous psychological evaluations and utilizing and meeting referral criteria before surgical assessment (Table 1) . Cavanaugh et al 6 advocate the use of informed consent models in place of the SOC. These models place an emphasis on personal autonomy in planning treatment, without the requirement for external psychological evaluations and external proof of capacity by mental health professionals. The case made for informed consent models is that a more mature and respectful discussion with patients would ultimately result in more individualized treatment. We acknowledge that the SOC for transgender individuals have been criticized as both restrictive and discriminatory. However, the SOC are under continual review and are updated as our understanding of and experience in treating transgender individuals increases. It is therefore important to recognize that the SOC are not intended to be interpreted as rigid "rules" but rather flexible evidence-based guidelines that should be individualized for each patient. That is, variation from the SOC may be appropriate in individual circumstances. We strongly recommend that plastic surgeons adhere to the WPATH SOC for surgical intervention in this patient population, and that a strong rationale be documented whenever there is variance from these guidelines in favor of an informed consent model.
CHEST RECONSTRUCTION TOP SURGERY
Top surgery is one of the most commonly requested and performed procedures in the FtM transgender population. Procedures for this surgery fall within the scope of welltrained plastic surgeons, although the objective selection of optimal procedures for FtM gender-affirming patients should focus on understanding individual differences within the patient population.
For any gender-affirming surgical procedure, the WPATH SOC state that a diagnosis of persistent gender dysphoria be well documented by a qualified mental health professional. A letter documenting this should be available and meet the structured format in the WPATH SOC ( Table 1 ). The SOC state that patients must also have the capacity to fully consent to treatment. Patients younger than 18 years of age may be candidates for gender mastectomy if the patient, their legal guardians and/or parents, their therapist, and their care team believe that delaying surgery until the age of maturity (18) would result in patient harm. Testosterone therapy is not a prerequisite for top surgery in FtM patients, unless they fall in the latter group of child and adolescent patients (Table 1) .
Preoperative Planning
As in all patients being considered for surgery, a thorough history and physical examination is mandatory to identify and optimize comorbid conditions that may increase the risk of anesthesia and predispose to surgical complications. 7 Most importantly, the patient's relative risk for breast cancer must be assessed and any patients at increased risk should be referred to a comprehensive breast care clinic for formal evaluation. Currently, the majority of centers stop testosterone for several weeks preoperatively. However, because there are no valid studies to guide perioperative hormone management, recommendations with regard to the cessation of hormones are under constant review and decisions to stop masculinizing hormones should be based on clinical experience. Patients are advised to stop smoking for at least 4 weeks before surgery, 8, 9 and patients should be informed about the deleterious effects of smoking on skin quality, wound healing, and vascularity. 10 Age, breast size, breast ptosis, skin quality, and overall body habitus are the most important factors influencing procedural selection. 9, 11, 12 Age is associated with reduced skin elasticity, and patients with higher BMI may have excess skin and decreased skin elasticity, as well as an increased risk of complications requiring secondary corrections. 13, 14 Weight loss before and after surgery can improve outcome.
Breast volume, grade of breast ptosis, degree of skin excess, and position of the nipple-areola complex (NAC) in relation to the inframammary fold will determine the procedure of choice in most patients. The patient's skin must be accurately assessed to avoid undue tension in closure, to predict the ability of any redundant skin to remodel, and to prevent scar lines more prominent in movement, such as raising one's arm above shoulder height. 15 Patients must demonstrate good skin quality, smaller breasts, and lesser degrees of ptosis to be candidates for less-invasive, short-scar procedures. 11,12 A significant proportion of FtM patients also utilize breast binders to conceal the appearance of their breasts in public. Even in small-breasted patients, this has a deleterious effect on the elasticity of the skin and can result in a higher degree of breast ptosis, which may require a more invasive approach. 13, 16 Finally, the patients' desired aesthetic outcome should be considered carefully, because some patients want to be more involved in deciding the size, the position of the scars, and the new NAC, according to some retrospective studies.
Although standardized techniques are important, the surgeon should consider individual patient preference. 13, 16, 17 
Historical Surgical Techniques
The history of chest reconstruction surgery goes back as far as 1979 (Table 2) , when Lindsay et al 15 described the use of the C-and J-shaped surgeries, 15 and Strombeck-like reduction with an inverted T scar. Other historical techniques mentioned or described in the literature include the Maillard and McKissock procedures, 18 Wise pattern reduction, chest wall apron flap with free grafting of the NAC, 16 and the inferior pedicled mammaplasty. 19 The inferior pedicle mammaplasty maintains neurovascular integrity to the NAC. Medial and lateral to the pedicle, the breast tissue is excised down to the pectoralis fascia, and after approximation of the wound margins, the new position of the NAC is marked on patient sitting upright. The majority of surgeons no longer utilize this approach for chest reconstruction surgery, because it is difficult to achieve adequate removal of breast volume.
Optimal Surgical Approach
It is important to consider that this procedure has previously relied on surgical techniques for gynecomastia patients, 15, [20] [21] [22] [23] aesthetic mastopexy, and breast reduction (as described above in the historical techniques section and Table 2 ). However, because there are subtle but significant differences between gynecomastia correction and transgender top surgery, gender-affirming top surgery should be viewed as an independent procedure specific to the trans population.
The main principles of aesthetic chest wall contouring are removal of breast tissue and skin excess, proper reduction and position of the nipple and areola, elimination of the inframammary fold, and minimizing chest wall scars. 16 The ideal surgical approach corresponds to the patient's characteristics, aesthetic outcome, and low complication and correction rates.
The most common procedures can be described as: a semicircular circumareolar approach (approach 1) (Supplemental Figure 1) , commonly referred to as "keyhole mastectomy" by the transgender community; mastectomy with periareolar skin excision (approach 2); and double incision mastectomy with free nipple grafting (DIFNG) (approach 3) (Supplemental Figure 2) , 8 There are, of course, advantages and disadvantages for each technique described (Table 4) . Skin excess and nipple retraction can occur regardless of the surgical approach. Among a number of factors, the final appearance of the chest depends on the degree of contraction of the skin postoperatively. 14 The semicircular circumareolar approach (approach 1), or "keyhole mastectomy," is appropriate for a minority of FtM top surgery patients who have minimal excess breast volume, minimal excess skin, and good skin tone. It has the advantage of a small well-concealed scar, although it carries the highest risk for surgical site complications requiring reintervention (Supplemental Figure 1 and Table 3 ); up to 33% of patients having approach 1 are at risk for such complications requiring reintervention. 24 Complications include hematoma requiring evacuation, which are encountered more frequently than they are in approaches 2 and 3 (Table 3) , as well as seroma, infection, and NAC necrosis. NAC reduction, if necessary, may require a staged approach, 12 which is done to reduce the risk of NAC necrosis. 24 One important limitation to the periareolar approach is the inability to reposition the NAC.
The periareolar skin excision technique (approach 2) is appropriate for patients with modest excess breast volume and skin and good skin tone, with the expectation that skin remodeling will occur. This approach has the advantage of removing excess skin and repositioning of the NAC. The circumareolar scar is often unfavorable, because multiple vectors of tension cause hypertrophy and widening, residual skin wrinkling is often seen, and this approach carries a high rate of revisional surgery. In a prospective cohort study by Van de Grift et al, 25 up to 38.5% of approach 2 patients required revision (Table 3) . These revisions include scar revisions, chest contouring correction, and nipple-areola correction. 25 Again, this approach is appropriate for a small percentage of FtM patients. Mastectomy with free nipple graft (FNG) (approach 3) (Supplemental Figure 2) is the most commonly employed procedure in this patient population. This procedure, often referred to as "double incision free nipple graft" (DIFNG), provides excellent exposure and the ability to resize and precisely reposition the NAC. The procedure has a low revision rate and a good satisfaction profile, but it is associated with a relatively heavier scar burden. Individual patients who are candidates for either the circumareolar approach or mastectomy with FNG procedures should be counselled on the risks and benefits of both techniques to allow them to choose between limited scarring with a higher rate of revisions and a FNG with a longer scar but superior results after a single operation. 8 The optimal site and size of the NAC is an important factor in surgery. There are important differences between the male and female NAC. The NAC in females has a wide degree of variation in site and size, but it is usually larger and lower 26 than the male NAC. Depending on the initial size of the nipple in the patient, the NAC may or may not require surgical reduction so that it resembles the average male nipple. The average male NAC has been reported to be approximately between 2 to 3 cm in diameter 15, 24, [26] [27] [28] with a nipple height of 2.6 mm. 29 Reduction of the nipple papule can be achieved by resecting one half of the nipple and suturing the remaining half folded down. 16 McGregor and Whallet 28 utilized the finger hole in the shaft of the Langenbeck retractor to size the NAC. The usual male NAC has been described as being mainly in the fifth intercostal space and less commonly in the fourth intercostal space, 27 at the surface marking of the inferolateral border of the pectoralis major. 26 Reported methods to determine the optimal location of the NAC were the use of certain anatomic landmarks (the sternal notch, midclavicular line, sternal midline) and points of intersection between lines derived from them. 28 In approach 3, attention is needed not to place the new NAC on the site of the new horizontal scar. 24 McEvenue et al 24 also leave 5 mm above the horizontal incision and, depending on the patient's chest, leave 10 to 12 cm from the sternal midline to the center of the new NAC. Nipple grafts can be placed either by "single grafting," where the NAC is grafted as one unit, or "double grafting," where the nipple and areola are separated and reduced and grafted independently. 24 The experience at our unit is the use of the plunger of a 20 mL syringe as a 2.8 cm template to size the NAC, so that paper templates can be placed onto the chest and moved until the NAC looks correct. We agree with Hage and van Kesteren 16 and Monstrey et al 30 regarding their recommendation to avoid absolute measurements. Ultimately, it is subjective aesthetic judgment that determines the final size and position of the new NAC, 24 and we recommended sitting the patient upright intraoperatively for clinical judgment of the new NAC. In addition, de-epithelialized areas provide access for liposuction to address residual contour irregularities and obliterate the inframammary fold. The graft can then be secured with a tied suture over gauze, and an elastic bandage can be applied. 26 Systems have been developed to select the ideal surgical approach based on the patient's characteristics. Some of the most popular systems include the Amsterdam experience by Hage and Bloem, 13 the Gent algorithm by Monstrey et al, 8 the Cregten-Escobar et al study, 9 the Wolter et al algorithm, 19 and the most recent simplified algorithm using the keyhole mastectomy (approach 1) and DIFNG (approach 3) approaches only by McEvenue et al 24 (Table 2 ). These algorithms were produced after the authors retrospectively reviewed patient documents and determined the outcome per surgical technique.
The technical details and execution of these procedures have been previously reported and are familiar to all plastic surgeons. As in all breast surgery, attention to atraumatic surgical technique, attention to the elimination of contour irregularities and standing cutaneous deformities, and meticulous wound closure are most important. For approaches 2 and 3, closed suction drains are generally employed and removed when draining small amounts (the exact quantity depends on the surgeon's preference). 26 Progressive tension suture techniques for approach 3 can eliminate the need for drains. In addition to utilizing direct excision, most surgeons will employ liposuction for additional sculpting and contouring and to help eliminate the inframammary fold.
Postoperative Management
Hospitalization is considered unnecessary in the United States after chest reconstruction top surgery. In the presence of significant medical comorbidities, patients may be offered an overnight stay for observation. Patients should be prescribed adequate analgesia and perioperative antibiotics, 10,14 and they be advised that a mild degree of swelling and erythema are expected, normal, and will resolve spontaneously with time. 14 Patients are advised to wear a circumferential elastic compression bandage across their chest for at least 4 to 6 weeks. 12, 31 Compression bandaging reduces the risk of hematoma or seroma formation, and improves skin shrinkage after surgery. 19 In addition, patients are advised to avoid physically demanding activities until they fully healed at 4 to 6 weeks. 12, 14 Topical applications, such as silicone sheeting, can be beneficial in treating scarring. 14 Patients attend a follow-up visit in the outpatient's clinic a few days after surgery for general review, wound dressing, and drain removal. 9, 13 Patients should be counseled that it will take 3 to 6 months to achieve a final result and that revisions are best delayed until all scars have matured and remodeling of the skin is complete. Common revision procedures include contour correction (liposuction, skin reduction, dog-ear revision, fat grafting), scar revision, and NAC revisions (nipple reduction, areola reshaping, and nipple reconstruction). 32 Postoperative NAC complications include simple skin slough, 33 which should be managed conservatively, and partial and total nipple necrosis. In the immediate postoperative periods, these are also managed conservatively. After healthy wound healing, nipple tattooing can be utilized for hypopigmented areas. 26 Secondary nipple reconstructions may also be required. 33 In addition, top surgery is not the equivalent of oncological mastectomy, because remnant upper pole breast tissue remains in all patients. Preserving adequate subcutaneous fat when removing glandular tissue is important for constructing flaps for an aesthetically appealing chest, minimal scarring, and adequate blood supply to the NAC. 32 Although there are no solid data upon which to base recommendations, it is important to counsel patients that they need to continue to pursue routine breast cancer screening in conjunction with their primary care physician. 13, 14, 17, 18, [34] [35] [36] [37] [38] [39] 
OUTCOMES
We consider two types of outcomes: surgical outcomes and patient-reported outcome measures (PROMs). Surgical outcomes show that top surgery overall is safe and effective, 8, 17, 31, 34, 40 and is being requested by a large number of FtM patients. PROMs are data collection methods that can assess quality of life and other outcome variables, such as satisfaction, from the patient's perspective. 41 The main aim of PROMs is to help patients make informed decisions about their healthcare. 42 PROMs also allow surgeons to individualize treatment for their patients. In addition, PROMs allow comparison of results between different studies and can address gaps in evidence that could improve the quality of care for patients.
PROMs have previously been utilized in breast surgery (BREAST-Q) to assess PROMs in augmentation, reduction, and reconstruction. 41 PROMs have also been utilized in penile inversion vaginoplasty. 42, 43 PROMs that we encountered in our review included Monstrey et al 8 and Berry et al 34 utilizing the Likert scale and Visual Analog Score, respectively, to assess patient satisfaction, but there was no standardized and validated instrument utilized in all studies to assess PROMs in chest reconstruction surgery.
We encourage surgeons to adopt a more patient-centered model that considers the PROMs. This has become increasingly important, because the transgender patient population is becoming very well informed about the procedure and the desired aesthetic outcomes.
The evidence was lacking in prospective assessment, with the highest quality of evidence achieved by retrospective cohort studies. Systems of selection and algorithms were associated with improved patient outcomes. 8, 9, 13, 19, 24, 34, 44 
CONCLUSIONS
Requests for gender-affirming surgery are on the rise. Chest reconstruction surgery is the most commonly requested procedure for FtM transgender patients. Therefore, plastic surgeons today and in the future are likely to receive requests for these procedures. 26 We advocate adherence to the SOC model for consenting these patients. 5 Chest reconstruction surgery has been demonstrated as a safe and effective treatment for the management of gender dysphoria. We classify surgical approaches as: remote incision procedures without skin excision (approach 1), also known as "keyhole mastectomy"; procedures with periareolar skin excision (approach 2); and mastectomy procedures with other than periareolar skin excision (approach 3), also known as "double incision mastectomy (DIM)." Patient characteristics must be carefully evaluated to offer the approach with the best outcome, taking into account the patient's objectives and perceptions.
Current practice is often still driven by personal preference or expertise rather than evidence-based practice recommendations. Further research in this area, especially prospective studies and the use of validated PROMs, is needed to establish evidence-based best practice guidelines to improve patient care.
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